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A Systematic Review of Economic Evaluations of COVID-19 Interventions:
Considerations of Non-health Impacts and Distributional Issues
Meghan 1. Podolsky, BA, Isabel Present, Peter ]. Neumann, ScD, David D. Kim, PhD

Objectives: This study aims to conduct a systematic review of economic evaluations of COVID-19 interventions and to examine
whether and how these studies incorporate non-health impacts and distributional concerns.

Methods: We searched the National Institutes of Health’s COVID-19 Portfolio as of May 20, 2021, and supplemented our search
with additional sources. We included original articles, including preprints, evaluating both the health and economic effects of
a COVID-19-related intervention. Using a pre-specified data collection form, 2 reviewers independently screened, reviewed,
and extracted information about the study characteristics, intervention types, and incremental cost-effectiveness ratios
(ICERs). We used an Impact Inventory to catalog the types of non-health impacts considered.

Results: We included 70 articles, almost half of which were preprints. Most articles (56%) included at least one non-health
impact, but fewer (21%) incorporated non-economic consequences. Few articles (17%) examined subgroups of interest. After
excluding negative ICERs, the median ICER for the entire sample (n = 243 ratios) was $67,000/quality-adjusted life-year
(QALY) (interquartile range [IQR] $9000-$893,000/QALY). Interventions including a pharmaceutical component yielded a
median ICER of $93,000/QALY (IQR $4000-$7,809,000/QALY), whereas interventions including a non-pharmaceutical
component were slightly more cost-effective overall with a median ICER of $81,000/QALY (IQR $12,000-$1,034,000/QALY).
Interventions reported to be highly cost-effective were treatment, public information campaigns, quarantining identified
contacts/cases, canceling public events, and social distancing.

Conclusions: Our review highlights the lack of consideration of non-health and distributional impacts among COVID-19-
related economic evaluations. Accounting for non-health impacts and distributional effects is essential for comprehensive
assessment of interventions’ value and imperative for generating cost-effectiveness evidence for both current and future

pandemics.

Keywords: cost-effectiveness analysis, COVID-19, economic evaluations, health equity, systematic review
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Before the arrival of effective vaccines, non-pharmaceutical in-
terventions (NPIs), such as stay-at-home orders, testing, contact
tracing, and social distancing, were predominant strategies to pre-
vent the spread of COVID-19.!-> Despite concerns regarding their
potential long-lasting impacts on mental health, other chronic ill-
nesses, and economic growth®® evidence has suggested that, when
effectively implemented, NPIs can reduce COVID-19 incidence and
mortality rates as well as protect healthcare system capacity.” '

Questions and uncertainty about trade-offs between health
benefits and economic costs associated with NPIs and pharma-
ceutical interventions highlight the importance of formal eco-
nomic evaluations to assess their potential value. Non-health
impacts, such as lost productivity, can have large effects on these
evaluations.”® In addition, some interventions, such as stay-at-
home orders, could worsen existing economic disparities among

vulnerable populations, including individuals who cannot work
from home and so must either forgo income or risk infection by
working.!4-2°

When evaluating the value of a particular intervention, practice
guidelines, such as those promulgated by the Second Panel on Cost-
Effectiveness in Health and Medicine (hereafter the Second Panel)
and the Institute for Clinical and Economic Review in the United
States, recognize the importance of capturing relevant impacts on
all stakeholders,>?"*? yet most economic evaluations before the
COVID-19 pandemic did not account for nonhealth impacts.?*>?*
There have been systematic reviews of COVID-19 interventions,
but many have excluded economic considerations altogether and
have not considered the effects of non-health impacts or distribu-
tional issues. For example, one review of physical distancing, face
masks, and eye protection focused solely on the transmission ef-
fects, excluding cost considerations, although they did consider
equity impacts.?> Recently, Dawoud and Soliman conducted a
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PRISMA flow diagram.
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systematic review of published economic evaluations of antiviral
treatments for pandemics and found that strategies including these
treatments were generally cost-effective.?® Still, this study also did
not catalog non-health or distributional impacts.

We conducted a systematic review of economic evaluations of
interventions pertaining to COVID-19 prevention and treatment to
examine the extent to which studies included assessment of
nonhealth impacts and distributional effects on subgroups. We
also evaluated how the consideration of these impacts affected the
resulting cost-effectiveness of the intervention.

We conducted a systematic search of the National Institutes of
Health’s (NIH) COVID-19 Portfolio, a database updated daily con-
taining articles from PubMed and several preprint servers,?’ to

identify relevant economic evaluation studies of COVID-19-
related interventions. Due to the emerging state of COVID-19
literature and the increasing use of preprints to disseminate
findings (ie, the rate of publication of preprints is ~100 times
higher for COVID-19 than other infectious diseases),”® we included
preprints in our sample to capture all available information. We
acknowledge that the preprint system has potential limitations
because of the lack of peer review to affirm quality, but we con-
ducted informal quality checks of the included articles and
excluded those deemed to be of poor quality or lacking sufficient
reporting of methods and results, such as model structure, inputs,
assumptions, or outcomes. We supplemented our search with
additional data sources: National Bureau of Economic Research,
EconLit, Google Scholar, and Covid Scholar.?-?

We used the following search words combined using the
Boolean “OR” operator: “quality-adjusted life year,” “quality-
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Continued in the next column

Characteristics of economic evaluation studies for Continued
COVID-19.
Professional membership 4 (6)

Date published organization
March 2020-July 2020 24 (34) Healthcare organization 2(3)

August 2020-December 2020 22 (31) Publishing status

January 2021-May 2021 24 (34) Published in a peer-reviewed journal 37 (53)

Type of study Published as a preprint 33 (47)
Cost-effectiveness analysis 45 (64) # indicates number.

Cost-benefit analysis 22 (31)
Cost-consequence analysis 3(4)

Examined differential impacts of the . . ) . ) . .
intervention(s) on subgroups adjusted life years,” “quality adjusted life year,” “quality adjusted
Yes 12 (17) life years,” “quality adjusted life-year,” “quality adjusted life-

Age group (children/elderly) 3(4) years,” “quality-adjusted life-year,” “quality-adjusted life-years,”
Healthcare workers 3(4) “qaly,” “qalys,” “life year,” “life years,” “life-year,” “life-years,”
College students 34 “economic evaluation,” “benefit cost,” “benefit-cost,” “cost
|nd|V|?]uaIs leXpe”e”C'”g T benefit,” “cost-benefit,” “cost effectiveness,” and “cost-effective-
Diab eti(zrir]ned?\zzr:;slz 1M ness,” in search fields DOI, PMID, Title, Abstract, First Author, Last
Race/ethnicity 1(1) Author, System ID for publication types Journal Article, Meta-
No 58 (83) Analysis, and Preprint.

) ) A major inclusion criterion was whether identified studies

Time horizon .
<1 year 36 (51) formally conducted evaluatllons of bgth costs and health effects. of
1-5 years 24 (34) any COVID-19-related intervention. COVID-19-related in-
6-10 years 23) terventions were not solely limited to medical interventions, but
11+ years 3(4) rather included any intervention as categorized in the Oxford
Lifetime 4 (6) COVID-19 Government Response Tracker. We excluded articles
Could not be (M pertaining to commentaries, reviews, evaluations of health or

determined economic impacts only, and non-COVID-19 interventions (Fig. 1).

Country of study We also omitted some articles because of concerns about the
United States 24 (35) quality of the analysis and reporting (n = 7) when articles did not
United Kingdom 10 (15) adequately report details of their model structure, inputs, as-
Australia 34 sumptions, or outcomes. Of the 7 articles omitted, 5 were not
China 3(4) - . . .

India 3 (4) publ}shed in a peer—rhewewed journal. To formally assess Fhe
South Africa 34 quality of the articles included, we completed the Tufts Medical
Germany 3 (4) Center Cost-Effectiveness Analysis Registry’s 7-point quality scale
Sweden 23) (see Online Supplement Appendix A in Supplemental Materials
Denmark 2(3) found at https://doi.org/10.1016/j.jval.2022.02.003). Details of our
Indonesia 2(3) search are provided in Figure 1.
Nigeria 2(3) Two reviewers (M.P. and LP.) independently screened and
Canada 2(3) reviewed each article, followed by data extraction using a pre-
Eﬂegf;g: 1 8; specified data collection form (Online Supplement Appendix B in
Morocco 1M Supplemental Materla.ls found. at https://doi.org/10.1016/j.jval.2
France 1(1) 022.02.003). Any discrepancies were resolved through a
Israel 1(1) consensus meeting. Our last search was conducted on May 10,
Brazil 1(1) 2021. Although our protocol was not registered, this study fol-
Ghana 1(1) lowed the Preferred Reporting Items for Systematic Reviews and
Pakistan (M Meta-Analyses guidelines (see Online Supplement PRISMA
Turkey S Q) Checklist in Supplemental Materials found at https://doi.org/10.1
All low- gnd middle-income 1(1) 016/j.jval.2022.02.003).

countries
Not stated ()

Funding source
Government 28 (41) We collected information on the publication date, publication
Not stated . 23 (32) type (peer-reviewed journal or preprint), type of economic eval-
University/academic 15(22) uation (cost-effectiveness analysis [CEA], cost-benefit analysis

organization . . .
None 10 (15) [CBA]., or cost-consequence analysis [CCA]), {ntf:rventl.on types. and
Non.Gates Foundation 9 (13) descriptions, comparator types and descriptions, time horizon,
Intergovernmental 8(12) country of study, funding source(s), summary measure (eg, in-
organization cremental cost-effectiveness ratios [ICER]), disaggregated out-
Pharmaceutical/medical 5(7) comes (from CCA), inclusion of nonhealth impacts, and
device company assessment of differential impacts of the intervention(s) on sub-
Gates Foundation 4 (6)

groups. It is important to note that there are 2 distinct categories
of subgroup analysis: the first being population subgroup analysis,
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Inclusion of nonhealth impacts in summary outcome measures.

Disease/intervention costs

Lost productivity because of illness

GDP

Future consumption unrelated to health

Impact of intervention on educational achievement
of population

Change in productivity (absenteeism and presenteeism)
Unpaid caregiver time costs

Unrelated healthcare costs

Crimes related to intervention (eg, road accidents)
Production of toxic waste or pollution by intervention
Patient out-of-pocket costs

Future related healthcare costs

Uncompensated household production

Employment rate

Patient time costs

Social services related to intervention

Cost of intervention on home improvements
(eg, removing lead paint)

Transportation costs

GDP indicates gross domestic product.

which stratifies the affected population by risk factors, such as age
and preexisting conditions. The second category is equity impact
analysis, which stratifies the entire population (including non-
recipients) by socioeconomic factors.

To categorize intervention types, we used Oxford’s COVID-19
Government Response Tracker categories as a baseline®> and
then added categories as necessary to describe the interventions
used in each article (see Online Supplement Appendix C in Sup-
plemental Materials found at https://doi.org/10.1016/j.jval.2022.
02.003). We collected information on articles’ base-case results,
excluding sensitivity analyses conducted. Summary outcome
measures from non-US studies were converted to 2020 US dollars
using the Federal Reserve’s foreign exchange rate from December
31, 2020.%*

To describe different costs and impacts included in each
evaluation, we amended an Impact Inventory recommended by
the Second Panel (see Online Supplement Appendix B in Sup-
plemental Materials found at https://doi.org/10.1016/j.jval.2022.
02.003), which is based on the modified Impact Inventory for
the COVID-19 pandemic we have published elsewhere.>*> The
non-health impacts we cataloged included caregiver time costs,
transportation costs, gross domestic product (GDP) impacts,
changes in the employment rate, cost of unpaid lost productivity
due to illness, change in productivity (absenteeism pre-
senteesm), cost of uncompensated household production, future
consumption unrelated to health, and impacts on non-health
sectors, including legal/criminal justice system (eg, social ser-
vices and number of crimes), education (eg, educational
achievement), housing (eg, home improvements), and

91 (270) 98 (278)
49 (147) 37 (106)
18 (52) 32(92)
8 (23) 9 (25)

7 (20) 14 (40)
6 (19) 4(12)
5(15) 0

4(13) 20 (57)
4(11) 7 (20)
3(10) 1(4)

2 (6) 0

1) 4(10)
0(1) 1(2)
0(1) 12 (34)
0 0

0 0

0 0

0 7 (19)

environment (eg, production of toxic waste or pollution). We
also stratified each of these impacts based on the time horizon of
analysis—those considered over a period of 1 year or longer were
labeled “long term,” and otherwise labeled “short term.” We
conducted an unadjusted regression analysis to determine dif-
ferences in reporting of non-health impacts among categories of
interest.

We considered an article to account for a distributional impact
if it presented a summary outcome measure for any subgroup of
individuals (eg, by race-ethnicity, age, sex, preexisting condition,
geographic location, occupation [eg, student]) or if the study itself
was confined to a defined subgroup. If an article stratified by
subgroup in an epidemiologic model (eg, age or risk stratification
in an SEIR model), but did not report a summary outcome mea-
sure for that subgroup, we did not consider it as having considered
the distributional impact.

We aggregated all descriptive data about the articles and
recorded the base-case summary measures for each reported
combination of intervention(s) and comparator(s). The types of
collected cost-effectiveness ratios included $/quality-adjusted life-
year (QALY), $/COVID-19 infection averted, $/COVID-19 death
averted, $/life-year gained, $/disability-adjusted life-year, and
$/health-adjusted life-year. Given the various summary measures
reported, we converted $/death averted and $/infection averted to
$/QALY based on the recently estimated average QALYs lost per
COVID-19 death and infection (0.061 and 0.052, respectively) by
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Incremental cost-effectiveness ratios with various nonhealth impacts.
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GDP indicates gross domestic product; QALY, quality-adjusted life-year.

Basu and Gandhay,>® which incorporates both patient and care-
giver quality of life. We additionally collected net monetary
benefit values reported from CBAs.

Among 523 articles identified in our initial search, 70 were
included in the final sample (Table 1). Just less than half of the
articles included were published as preprints (n = 33, 47%). Most
of the articles were CEAs (n = 45, 64%), with the remaining an-
alyses comprising mainly CBAs (n = 22, 31%) and a few CCAs (n =
3, 4%). The most common interventions assessed were testing
policies (51% of all ratios), social distancing (35%), stay-at-home
requirements (25%), facial coverings (25%), and school closings
(25%). The most common funding source was a government or-
ganization (41%), with 5 studies funded by a pharmaceutical or
medical device company. A total of 32% did not report any
funding, but more than two-thirds of the studies without re-
ported funding sources were not yet published in a peer-
reviewed journal. There did not appear to be a statistically sig-
nificant association between the type of intervention studied and
the study funder. Notably, of the 12 studies assessing real or
hypothetical COVID-19 treatments, only 3 had a pharmaceutical
company as a funder. Most used a time horizon shorter than 1
year, and roughly one-half of studies were focused on the United
States or the United Kingdom (n = 34, 49%). On average, all ar-
ticles scored 4.7 on the 7-point quality scale used. Preprint ar-
ticles scored 0.12 points higher than articles published in peer-
reviewed journals, although a 2-sample t test found that this
was not a significant difference (P>.05).
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More than one-half of economic evaluations included
considered at least one non-health impact (n = 39, 56%). The
proportion of articles including non-health impacts was roughly
the same by time horizon, whether short term (n = 21, 30%) or
long term (n = 18, 26%). Among intervention-specific cost-
effectiveness ratios, the most common non-health impacts
included were lost productivity because of illness (44%, n = 253
ratios), changes in GDP (25%, n = 144 ratios), education impacts
(10%, n = 60 ratios), future consumption (8%, n = 48 ratios), and
changes in productivity (absenteeism and presenteeism) (5%, n =
31 ratios) (Table 2). Most of the non-health impacts considered
pertained to societal productivity, whereas impacts outside this
sector were less frequently estimated (19%, n = 108 ratios). In
addition, unadjusted regression analysis found that evaluations
of intervention strategies containing a pharmaceutical compo-
nent are 31.5% more likely to include a non-health impact than
evaluations without a pharmaceutical component (P<.001).
Cost-effectiveness ratios varied by the type of non-health impact
included (Fig. 2).

Many articles included age-specific estimates for COVID-19
death or negative outcomes, such as hospitalizations or compli-
cations, in their underlying epidemiologic models, but only 12
(17%) assessed the cost-effectiveness of interventions for non-age
specific subgroups. A total of 9 (12%) articles evaluated the impact
of COVID-19 interventions across different age or occupation
groups, such as the elderly and children,’>° healthcare
workers,"*> or college students.”>*> Nevertheless, only 3
examined other subgroups, such as individuals experiencing
homelessness,® diabetic individuals,”” and those of different race/
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Relative cost-effectiveness of strategies including selected intervention types.

6000-1,057,000
27,000-49,000
5-802,000
27,000-63,000
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48 ratios; 8 articles
28 ratios; 2 articles
16 ratios; 5 articles

30 ratios; 2 articles

Treatment 26,000
Quarantine identified contacts 40,000
Public information campaigns 40,000
Cancel public events 41,000
Quarantine identified cases 43,000
Social distancing 49,000
All nonpharmaceutical interventions 81,000
(excluding vaccination and therapeutics)

School closing 89,000
Vaccination policy 94,000
Emergency investment in healthcare 101,000
Testing policy 117,000
Screening 172,000
Facial coverings 694,000
Proper hand hygiene 1,023,000
Cleaning 1,260,000
Stay-at-home requirements 30,433,000

17,000-174,000
26,000-408,000
12,000-1,034,000

122 ratios; 6 articles
97 ratios; 10 articles
302 ratios; 28 articles

38,000-968,000
3000-132,837,000
2000-3,111,000
9000-1,164,000
14,000-4,522,000
42,000-3,111,000
37,000-2,255,000
214,000-2,480,000
788,000-141,298,000

48 ratios; 4 articles
45 ratios; 5 articles
46 ratios; 6 articles
185 ratios; 15 articles
50 ratios; 5 articles
100 ratios; 9 articles
24 ratios; 4 articles
23 ratios; 2 articles

30 ratios; 6 articles

Note. Listed in order of decreasing cost-effectiveness using $/QALY values. Values rounded to nearest thousand. Interventions where there were >15 values in the data

set for $/QALY ratios included.
QALY indicates quality-adjusted life-year.

ethnicity.”® Evaluations of intervention strategies including a
pharmaceutical component were 1% more likely to include a non-
health impact than evaluations without a pharmaceutical
component (P<.05).

Of the 70 identified studies, 582 intervention-specific sum-
mary outcome measures were reported with substantial
variations. The 45 CEAs reported 426 intervention-specific cost-
effectiveness ratios, including $/QALY (161, 28% overall), $/infec-
tion averted (142, 24%), $/death averted (46, 8%), $/life-year gained
(44, 8%), $/disability-adjusted life-year (16, 3%), $/health-adjusted
life-year (15, 3%), and $/equal value life-year gained (2, < 1%).
Twenty-two CBAs reported 117 net monetary benefit measures
(20%) and 4 values (< 1%) were measures of net health benefit
using wellbeing-years. Notably, 3 CCA articles reported their
outcomes in a disaggregated format (eg, GDP loss, total population
deaths, federal receipts, testing costs).

After excluding negative ICERs, which indicates either domi-
nated (ie, intervention is less effective and more costly) or health
improving and cost-saving, the sample had 243 $/QALY ratios. Of
those ratios, the overall median ICER was $67,000/QALY (inter-
quartile range [IQR] $9000-$893,000/QALY). Interventions
including a nonpharmaceutical component had a median ICER of
$81,000/QALY (IQR $12,000-$1,034,000/QALY), whereas in-
terventions including a pharmaceutical component reported a
median ICER of $93,000/QALY (IQR $4000-$7,809,000/QALY).
Conducting a Mann-Whitney test using a normal approximation
found a P=.19, indicating that the difference between the 2 sam-
ples was not significant. We conducted the test again omitting
interventions that contained both nonpharmaceutical and phar-
maceutical components, to ensure that these overlapping ratios
were not driving the result, and the result remained unchanged

(P=.14). Interventions reported to be highly cost-effective were
treatment, public information campaigns, quarantining identified
contacts/cases, canceling public events, and social distancing
(Table 3).

Our review of economic evaluations of COVID-19 interventions
found that just more than half of the identified economic evalu-
ations included non-health impacts, whereas most did not eval-
uate distributional effects. In addition, the analytic time horizon
tended to be short. These shortcomings highlight that many of
these evaluations may not fully capture relevant and important
consequences of the COVID-19 interventions.”>**°° There was
substantial heterogeneity in the interventions studied and
outcome measures reported, which made inter-study comparison
difficult.

The proportion of economic evaluations that included a non-
health impact for COVID-19 interventions (56%) was greater than
in the overall CEA literature (15%),%° signaling the importance of
capturing substantial non-health impacts of COVID-19. Still,
challenges remain in identifying and quantifying non-health im-
pacts. One of the key difficulties is the lack of data available to
quantify these impacts.”>>? Attempting to generalize estimates
of impacts outside the scope of the disease or population could
introduce greater uncertainty. As more data, such as the
effects on economic indicators,>*™> education,”®>® and the
environment,”®°! become available, future studies of COVID-19 or
other diseases with potentially large societal impacts might be
able to incorporate estimates with greater precision.

The lack of consideration for non-health impacts of in-
terventions could lead to an incomplete assessment of an



intervention’s value and potentially result in a misallocation of
healthcare resources. For example, when assessing the trade-offs
between health benefits and economic impacts of a stay-at-
home order during a pandemic, it would be important to
consider an intervention’s broader impact, such as educational
attainment, increases in unemployment, and decreases in pro-
ductivity while working from home, to provide a comprehensive
picture of the trade-offs associated with such intervention. Simi-
larly, despite its own guidelines stating that the societal
perspective should be presented as a co-basecase with the health
sector perspective when the impact on nonhealth factors is sub-
stantial, the Institute for Clinical and Economic Review’s evalua-
tion of remdesivir for COVID-19 did not include any non-health
impacts.?:6263

In addition, vulnerable populations (eg, individuals with
more chronic conditions, those of economic disadvantage, and
people of color) are more likely to experience adverse outcomes
because of COVID-19. Nevertheless, our review found that most
of the economic evaluations only reported summary outcomes at
a population level. In addition, although a handful of studies
reported summary measures stratified by age groups, only 2
focused specifically on vulnerable populations, such as racial and
ethnic minoirities*® or individuals experiencing homelessness,*°
and none of the reviewed articles conducted distributional eq-
uity impact analysis. The dearth of distributional analyses is
likely because of a lack of concrete estimates of the economic
impacts of different initiatives on subgroups of interest, yet it is
important to generate cost-effectiveness information for specific
populations of interest to guide better policy decisions and
implement targeted interventions to help the most vulnerable
populations.546°

Researchers should also strive to better align evaluations with
the populations that are disproportionately impacted.>®
Recent reviews have found that factoring in distributional ef-
fects resulted in more favorable cost-effectiveness profiles in
more than three-quarters of cases and have indicated that the
field is beginning to recognize the importance of capturing eq-
uity and distributive considerations through distributional
CEA.®758 For example, vaccines have historically fallen in this
category because of their large health gains and potential to lift
children out of poverty by enabling them to avoid potentially
fatal infectious diseases and therefore grow up and become
economically productive.®®

Our analysis has some limitations. Although we included in-
ternational literature in our review, most included articles came
from high-income countries, and we did not include non-English
language studies. Our sample contained a high proportion of
preprints, because of the emerging state of COVID-19 literature,
which may vary in terms of study quality. A recent systematic
review of preprints assessing the quantitative impact of COVID-
19 interventions (though also a preprint) found that the litera-
ture failed to meet the criteria for causal inference.”® In addition,
in converting the different summary outcome measures to
$/QALY, we used a standardized value of an averted infection or
death for a “representative US resident,” although the model
used to generate this estimate did account for age-stratification
of the severity of infection and likelihood of long-term conse-
quences (acute kidney injury).>® We recognize the importance of
using subgroup-specific QALY estimates and encourage future
researchers to invest in estimating these values for COVID-19.
These conversions are blunt metrics and are not meant to be
definitive, but rather an illustrative exercise. Our sample largely
did not present estimates of summary outcome measures strat-
ified by subgroup.
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This systematic review of COVID-19-related economic evalua-
tions highlights the lack of consideration of nonhealth and distri-
butional impacts. Accounting for broad nonhealth impacts and
distributional effects is essential for a comprehensive assessment of
interventions’ value and imperative for generating cost-effectiveness
evidence not only for the current pandemic but future ones.

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2022.02.003.
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